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ABSTRACT 
 
Lymphatic filariasis (LF) is an incapacitating disease caused by three filarial nematodes belonging 
to the family Onchocercidae, namely Brugia timori, Wuchereria bancrofti and Brugia timori. An 
estimated 90% of lymphatic filariasis cases globally are caused by Wuchereria bancrofti. To 
evaluate the success of the Global Program to eliminate Lymphatic Filariasis it is essential to 
monitor the frequency of larval infection in the mosquito vector. Molecular methods to detect 
Wuchereria bancrofti DNA in mosquitoes have been in existence since 1996. However these 
methods have not been widely adopted due to the high cost associated with them and the inability 
of these assays to distinguish between immature and infectious stages in the mosquito vector. The 
overall aim of this project was to modify, as previously described in literature, the Laney real time 
PCR assay to permit it to be used in an end point Reverse Transcriptase (RT)-PCR ELISA format.  
The endpoint PCR-ELISA uses inexpensive conventional thermocyclers and inexpensive reagents 
and probes. To accomplish this overall goal the specific objectives were to produce a positive 
control RNAs for Wb-cut-1.2 L3 specific RT-PCR and Wb-TPH RT-PCR that detects any stage 
of the parasite, and to adapt the detection of both transcripts to a PCR-ELISA format. Positive 
RNA controls were prepared and purified using template cDNA made available through FR3, 
subsequent development and optimization of the RT PCR ELISA was achieved through the 
adaptation of the Onchocerca volvulus O150 PCR ELISA protocol. 
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We found a 16-fold difference in the limit of detection between the ELISA assay and conventional 
end point RT-PCR when we did a 2-fold dilution series of PCR products for both Wb-Cut-1.2 and 
Wb-TPH. This indicates that our assay was 16 times more sensitive than the use of regular agarose 
gel electrophoresis to analyze PCR products. The limit of detection with ELISA and gel analysis 
were comparable when a 10-fold dilution series of the positive control RNA template was done. 
The RT-PCR ELISA takes a day to complete and up to three 96 well plates a day can be processed 
compared to the limited number of samples that can be analyzed by gel electrophoresis a day. It is 
anticipated that our assay will be used in the molecular xenomonitoring of Wuchereria bancrofti 
providing earlier time-point assessments of LF infection in endemic areas. In areas that were once 
endemic, our diagnostic tool will play a pivotal role in monitoring LF resurgence.
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CHAPTER 1 
BACKGROUND 
 
Introduction 
Lymphatic filariasis (LF) is an incapacitating disease caused by three filarial nematodes belonging 
to the family Onchocercidae, namely Brugia timori, Wuchereria bancrofti and Brugia malayi 
(Okorie & de Souza, 2016). An estimated 90% of lymphatic filariasis cases globally are caused by 
Wuchereria bancrofti. Brugia timori is geographically confined to Timor and its neighboring 
islands, while B.malayi is present in Southeast and Eastern Asia and W. bancrofti is cosmopolitan 
particularly in sub-tropical and tropical areas (Melrose, 2002).  
It is assumed that W. bancrofti emerged in Southeast Asia and was carried to the Pacific Islands 
during the 2nd millennium BC by migrants (Chejfec, 1999). Another migration originating from 
Southeast Asia around 500 AD to Madagascar likely imported the parasite to the island and 
subsequently to the rest of Africa.  Eventually, Filariasis, spread across Central Africa and into 
Arabia by the 15th century. Slave trade played a paramount role in importing Filariasis to the new 
world in the 17th and 18th centuries. During the 19th century, filariasis was introduced into Northern 
Australia, however, it has been eradicated (Chejfec, 1999). 
Historic scientific discoveries include an 1866 discovery of microfilariae in chylous urine by 
Wucherer. Subsequently, in 1877, Bancroft discovered on a lymph node ulcer an adult female  
Wuchereria bancrofti worm. During the same year, Manson found microfilariae in the stomach of
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Culex fatigans mosquito; an event considered the birth of medical entomology. Two years later , 
1879, Manson discovered microfilarial nocturnal periodicity (Otsuji, 2011). 
 
 
Life Cycle 
 
Figure 1: Life Cycle of Wuchereria bancrfoti (CDC, 2016) 
 
Principally, there are four mosquito vector genera that transmit bancroftian filariasis: Anopheles 
(Africa), Culex (Americas), and Aedes and Mansonia (found in Asia and the Pacific) (CDC, 2016). 
When the mosquito takes a blood meal from an infected individual, the vector may also ingest 
microfilariae, which travel through the stomach wall where the parasite’s sheath is digested.  The 
parasite subsequently enters the body cavity and migrates to thoracic muscles (Bogitsh, Carter, & 
Oeltmann, 2013). In 10 to 15 days the microfilariae becomes infective larvae following a molting 
process. The infective larvae migrate to the mosquito’s head and proboscis, a channel facilitating 
deposit of infective larvae when the mosquito takes a blood meal to infect their new host. After 
the infective bite of the mosquito, the worms mature between 6 to 12 months. By this time females 
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are capable of releasing microfilariae, which can be released for 5 to 10 years in the absence of 
reinfection.  
 
Within the human host, L3s make their way to the peripheral lymphatics and regional lymph nodes 
and larger lymph vessels. L3s molt twice before they mature into adults in the lymph node vessels. 
When male and female worms colonize the same area, they mate and produce microfilariae and 
the cycle is repeated when the vector takes a blood meal. 
 
Symptoms and Pathogenesis 
Symptoms vary. Variation is attributed to multiple factors likely reliant on inherent host factors, 
strain differences in the parasite, and numbers of the infecting organism. Certain individuals have 
a high quantity of microfilariae circulating in their blood without showing any overt signs of 
disease. This is predominantly observed in native persons of an endemic area who’s maternally 
acquired antibodies have been increased by early infection. However,  some people do not require 
a high quantity of microfilariae in their body to illicit severe reactions; this is a feature 
characteristic in immunologically naïve persons (Chejfec, 1999).  
 
Inflammatory and immune responses represent a significant function in the development of 
lymphatic filariasis.  Three phases characterize bancroftian filariasis infection; Asymptomatic, 
inflammatory (acute) and obstructive phases. However, these phases do not necessarily have to 
progress from one to another. Unborn babies are exposed to a substantial amount of filarial 
antigens in endemic areas. This early exposure to antigens increases immune system tolerance, 
hence, microfilariae may not be recognized as foreign. 
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The asymptomatic phase is associated with high levels of microfilaria among infected persons and 
present a TH2 type of immune response with elevated IL-4 (Bogitsh et al., 2013). However, after 
several years this tolerance is lost, and a rise in inflammatory reactions ensues. Little or no disease 
is caused by microfilariae and the inflammatory response is a consequence of antigens from adult 
worms (Roberts & Janovy, 2009) as a result of bacterial invasion from the skin surface. Adult 
worms in the lymph channels cause dilation of the channels and interfere with lymph flow, 
resulting in lymphedema manifesting with periodic attacks of adenolymphagitis and lymphadenitis 
lasting for 5-7 days and either subside by their own or shortened by the use of antibiotics.  These 
attacks are predominantly marked by chills and fever, acutely swollen warm and tender skin of the 
lymphedematous extremity, tenderness along superficial lymphatics and painful lymph nodes. 
Additional symptoms of the acute phase include orchitis, hydrocele, and epididymitis. Abscesses 
around the dead worms may develop. Elephantiasis may occur as a result of a long duration of 
complex immune responses. It is characterized by a chronic lymphoma with fibrous infiltration 
and thickening of the skin; hence the name elephantiasis. Lymphatic vessels containing female 
worms may occasionally get blocked during febrile episodes resulting to misdiagnosis as 
microfilariae may disappear from the peripheral blood.  
 
In men the scrotum, legs and arms are the organs most commonly afflicted while in women it is 
the legs and arms (Roberts & Janovy, 2009). Bacteria and Fungi further complicates the condition 
as the skin thickens and cracks allowing penetration of these organisms.  
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Diagnosis and Treatment 
The gold standard for the diagnosis of bancroftian filariasis is through the detection of 
microfilariae in a thick/thin blood smear (www.cdc.gov).  
The use of PCR provides a definitive diagnosis method to detect filarial DNA. Circulating filarial 
antigen (CFA) assays have been developed and are able to detect antigens released by adult worms 
which results in positive results even in amicrofilaremic individuals. 
For more than 50 years the drug of choice to treat lymphatic filariasis has been Diethlycarbamazine 
(6mg/kg) which kills the microfilaria and some adult worms (Otsuji, 2011). The mechanism of 
action of DEC is thought to involve sensitizing the microfilariae to phagocytosis. In addition, 
400mg of albendazole is taken in areas not co-endemic with onchocerciasis. In areas co-endemic 
with onchocerciasis DEC cannot be administered, as it worsens onchocercal skin disease due to 
rapid microfilariacidal action. In liu of DEC treatment, ivermectin (150µg/kg) plus 400mg of 
albendazole is taken. In patients with loiasis, ivermectin and DEC can cause serious adverse 
reactions including encephalophy and death, in order to avoid this 400 mg of albendazole is 
administered twice a year. 
 
Epidemiology 
Lymphatic filariasis is one of the leading causes of disability globally, accounting for 2.8 million 
disability adjusted life years (DALYs). This figure, however, does not include significant co-
morbidity of mental illness frequently experienced by those infected. A Global Program to 
Eliminate Lymphatic Filariasis (GPELF) was established in 2000 during which an estimated 120 
million people were infected with LF in 73 countries globally. Of these, 25 million men suffered 
from hydrocele and approximately 15 million (mostly women) had lymphedema or elephantiasis 
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of the leg.  Asia (tropical and sub-tropical), Africa, Western Pacific, Caribbean and South America 
sums the location of the 73 endemic countries. 
 
Humans are the only reservoir for Wuchereria bancrofti, therefore, to maintain endemicity of the 
infection there should be adequate human reservoir with sufficient numbers of circulating 
microfilariae in the blood. These criteria are important as transmission of the disease may be 
interrupted when either the number of persons infected in a given area or the microfilariae level in 
those infected falls below a critical level. Measures directed against the adult mosquitoes or their 
larvae are also important for the control of the disease. 
 
In 2012 Mass Drug Administration had prevented or cured approximately 96.7 million cases, with 
only 36 million cases of hydrocele and lymphedema that remained. Currently 57% of the 
population in South-East Asia (9 countries) and 37% in Africa (35 countries) require Mass Drug 
Administration (WHO, 2014). 
 
 
 
Monitoring of Mosquito Vector Infection Using Molecular Methods 
 
One of the two principal strategies of the GPELF is to interrupt LF transmission by the year 2020 
through the use of Mass Drug Administration for a period of four to six years.  To evaluate the 
success of this program it is essential to monitor not only human host infections but also frequency 
of larval infection in the mosquito vector (Pedersen, Stolk, Laney, & Michael, 2009). The gold 
standard for monitoring LF parasites in mosquito vectors is through dissection.  However this 
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method is labor intensive, tedious, time consuming and requires experienced personnel to identify 
and differentiate between filarial species and their morphological stages. Moreover dissection has 
the disadvantage of requiring large numbers of mosquitoes to detect infections, especially in areas 
where MDA is effective and the prevalence of vectors carrying parasites is low. 
 Molecular monitoring of infection in mosquito vectors, achieved by detection of parasite derived 
RNA or DNA is an important tool for indirectly detecting filarial infection in a community, 
especially when the prevalence is low.  This is a sensitive tool for assessing and mapping the 
endemicity of LF and useful for evaluating and monitoring the effective implementation of a 
national elimination program (Okorie & de Souza, 2016). Detection of any stage LF microfilariae 
in mosquitoes indicates the existence of a human reservoir, while the specific identification of 
infective third stage larvae signifies and quantifies transmission potential. It has the advantage of 
giving real time estimates of disease because the demonstration of bancroftian microfilariae in 
blood may take months after infection in humans. This method also has the advantage of being 
non-invasive as the human populations do not need to be subjected to blood withdrawals for larvae 
examination. However, molecular monitoring of infection in mosquitoes can be costly since a great 
number of mosquitoes must be collected and processed to confidently assess infection rates in 
endemic areas.  
Several molecular assays have been developed to detect parasite specific DNA sequences. The 
first PCR based assay was developed in Dr Steven William’s laboratory (1996) in order to amplify 
the 188bp SspI non coding repeat DNA element that is specific to Wuchereria bancrofti (McCarthy 
et al., 1996). This assay has been shown to be faster, more sensitive and species specific than 
dissection, it is also less labor intensive and tedious and allows for large numbers of samples to be 
analyzed. A real time PCR assay was later developed that could detect the Long DNA repeat 
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(LDR) of Wuchereria bancrofti. The study conducted in Egypt demonstrated that the real time 
assay results were comparable to conventional PCR results and eliminated the need to analyze 
PCR products via agarose gel or ELISA (Rao et al., 2006) .In the American Samoa Wuchereria 
bancrofti DNA in pools of approximately 20 mosquitoes was detected using real time PCR. Their 
findings suggested that the use of molecular assays to monitor mosquito infection (molecular 
xenomonitoring) was useful in identifying areas where LF was ongoing. They did however 
concede that the use of this detection method was limited by the mosquito collection methods and 
limited knowledge on mosquito parasite infection thresholds (Schmaedick et al., 2014). 
 
Unfortunately detection of positive DNA in the mosquito vectors does not translate to ongoing 
transmission, since it does not distinguish between microfilariae and infective L3 larvae. To 
combat the problem of distinguishing infected and infective mosquitoes (Laney et al., 2010) 
developed a Wuchereria bancrofti multiplex reverse transcriptase PCR L3 detection assay.  They 
identified a cuticulin gene (Wb-cut-1.2) that is not expressed in microfilaria or immature larvae, 
but is expressed in L3 and a second gene (Wb-TPH) that is expressed in all life cycle stages.  
Targeting both transcripts in pools of mosquito thus provides both infection and transmission 
potential data from the same samples (figure 3). The TPH gene is a translationally controlled tumor 
protein involved in reproduction, embryo development, lipid storage, regulation of oviposition and 
multicellular organismal homeostasis. The cuticulin gene is involved in the molting cycle, collagen 
and cuticulin-based cuticle development and locomotion. Laney et al proposed that their assay 
could be an important tool in assessing resurgence of LF in areas where MDA has been stopped. 
However, real time PCR assays require expensive and delicate thermocyclers to implement and 
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involve the use of costly probes.  Thus, implementation of this assay would be difficult in resource 
poor settings as procurement of a real time PCR machine and its reagents is expensive. 
  
 
Figure 2: Conventional RT PCR results showing 123 bp Wb-Cut-1.2 and 153 bp Wb-TPH  post blood meal (Laney et al., 2010). 
 
Aims 
 The overall aim of this project was to modify as previously described the Laney real time PCR 
assay to permit it to be used in an end point RT-PCR ELISA format.  The endpoint PCR-ELISA 
uses inexpensive conventional thermocyclers and inexpensive reagents and probes.  Furthermore, 
this format has been successfully deployed by a number of different laboratories throughout Africa 
for entomological monitoring of Onchocerca volvulus transmission, including many countries that 
are co-endemic for both onchocerciasis and LF (Gopal et al., 2012; Guevara et al., 2003; 
Rodriguez-Perez, Danis-Lozano, Rodríguez, Unnasch, & Bradley, 1999).   Adapting the Laney 
assay to a PCR-ELISA format would thus allow it to be readily implemented by laboratories that 
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were already conducting surveillance for O. volvulus transmission.  To accomplish this overall 
goal the specific objectives of this project were: 
1. To produce a positive control RNAs for Wb-cut-1.2 L3 specific RT-PCR and Wb-TPH 
RT-PCR that detects any stage of the parasite. 
2. To adapt the detection of both transcripts to a PCR-ELISA format. 
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CHAPTER 2 
 
METHODOLOGY 
 
Objective 1: Preparation and Purification of Positive RNA control 
 
Amplification and cloning of Wuchereria bancrofti Wb-Cut-1.2 and Wb-TPH 
 
Amplicons corresponding to 123bp Wb-Cut-1.2 and 153bp Wb-TPH transcripts were amplified 
using 500nM of each of the specific primers (Table 1) and 2.5 µL of template DNA in a 50µL total 
reaction volume. The thermal cycling conditions, using standard reagents, were 94 0C for 4 min, 
30 cycles of 94 0C for 30 sec, 50 0C for 30 sec, 72 0C for 1 min, and a final extension step at 72 0C 
for 10 minutes. The amplified products were then analyzed using gel electrophoresis. Both PCR 
products were cloned in pCR2.1 ®-TOPO® TA vector and transformed in TOPO Top 10 cells. 
The transformation mix was spread in LB agar plates containing ampicillin and incubated 
overnight at 37 0C. Single white colonies were selected and cells were cultured in 5 mL LB broth 
containing ampicillin overnight at 37 0C. Plasmid DNA was isolated through the use of boil prep 
to lyse the cells and PCR using specific primers. To analyze presence of insert in plasmid gel 
electrophoresis was conducted. Sequences were analyzed using ApE-plasmid editor software to 
ensure the insert was present and in the correct orientation relative to the T7 promoter in the vector. 
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The correct clone for each gene was subsequently used for RNA synthesis, and a 10% DMSO 
frozen permanent was made and stored at -80 0C. 
 
Table 1: Primers and Probes used in PCR and ELISA experiments. Where P= Primer, Pr=probe, 
Bio-P= biotinylated primer, Fl-Pr = fluoresceinated probe, F=forward, R= reverse, Fl= fluorescein.  
Primer/ Probe Identifier Direction Sequence 5’ to 3’ 
Wb-TPH (P) F AAGGACGGCAAGTAGTAAGGA 
Wb-TPH (P) R AACAATTCATTTCTTGTAGC 
Wb-TPH (bio-P) R (non-coding) Biotin-
AACAATTCATTTCTTGTAGC 
Wb-TPH (FL-Pr) F (coding) TGAAGGTAGTGAGGAATGTGT-FL 
Wb-Cut-1.2 (P) F AAATGAAGAGTTTACCTCAT 
Wb-Cut-1.2 (P) R CCGGTTATTGACATACATA 
Wb-Cut-1.2 (Bio-P) R (non-coding) BIOTIN- 
CCGGTTATTGACATACATA 
Wb-Cut-1.2 (Fl-Pr) F (coding) GTTAGCACATGAAAATGGTCATC-
FL 
M13 F GTAAAACGACGGCCAGT 
M13 R CAGGAAACAGCTATGACC 
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RNA Synthesis and Purification 
Template amplicons were produced through M13 amplification using 250 nM of each of M13 
primers in a total volume of 25 µL. The thermal cycling conditions, using standard reagents, were 
94 0C for 4 min, 30 cycles of 94 0C for 30 sec, 50 0C for 30 sec, 72 0C for 1 min, and a final 
extension step at 72 0C for 10 minutes. RNA was prepared under ice with measures taken to ensure 
the working environment was RNase free, 1µg of linearized DNA was used and the 20µL reaction 
was prepared according to manufacturer’s recommendations. After an incubation of 16 hours at 
37 0C, 75 µL of RNase free water was added to this reaction. A 100 µL of molecular grade phenol-
chloroform was then added and centrifuged for 3 minutes. The top layer was removed and 
transferred into a new tube, a 100 µL of molecular grade chloroform was added in order to remove 
any residual phenol, centrifuged for 1 minute and top layer removed and transferred to a new tube. 
A tenth of the total reaction volume of 4M DEPC treated sodium acetate was added with mixing, 
then 3 times the volume of the reaction of absolute ethanol (stored at -20 0C).  The samples were 
then incubated overnight at -20 0C. A white pellet formed overnight, the following day the tube 
was centrifuged at 4 0C for 20 minutes. The resulting supernatant was removed and the pellet was 
washed with 70% ethanol (stored at -20 0C). The tube was centrifuged again for 5 minutes and the 
supernatant was discarded after. The pellet was allowed to dry for not more than 20 minutes. The 
pellet was then re-suspended with 90 µL of RNase free water. The resulting RNAs were then 
treated with RNase free DNase I and 10µL was aliquoted into Eppendorf tubes and stored at -80 
0C. 
Real time RT-PCR using SYBR Green 
Real time reverse trancriptase PCR was done employing iTaq Universal SYBR Green One step 
kit. All reactions were done in a 20 µL volume using 1 µL of template of RNA and 300nM of Wb-
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TPH and Wb-Cut-1.2. The optimized real time RT-PCR cycling conditions were reverse 
transcription for 10 min at 50 0C, polymerase activation and DNA denaturation at 95 0C for 1 min, 
40 cycles of amplification at 95 0C for 10 min, 57 0C for 30 sec, and a melt curve analysis of 80 
cycles at 55 0C for 10 sec with 0.5 0C increments after each cycle. A dilution series was done with 
both RNA products to determine the limit of detection of the positive control RNAs.  A series of 
five-fold dilutions of each RNA was tested; the starting concentration for the Wb-TPH RNA was 
50 ng/µL and that of Wb-Cut-1.2 was 103 ng/ µL.  
Objective 2: Development of a RT-PCR ELISA 
Probe Design 
The probes were designed using Oligoanalizer software with a GC content of above 35% with 
delta G values for hairpin and self-dimers greater than -5. The sequences were then tagged with 
fluorescein, and synthesized by Eurofins.  
Conventional RT-PCR Wb-Cut and Wb-TPH detection assay 
Conventional RT PCR assays were conducted using the standard conditions of Qiagen One Step 
RT-PCR kit, with 600nM of forward and biotinylated primer and 100 ng starting concentration (2 
µL) of Wb-TPH or 200ng starting concentration (2 µL ) of wb-Cut-1.2  in a 50µL total volume. 
PCR conditions were 50 0C for 30 min, 95 0C for 30 sec, 57 0C for 30 sec, 72 0C for 1 min, and a 
final extension step at 72 0C for 1 min.   A series of series of 10 fold dilutions of the starting 
concentration was conducted in order to determine the limit of detection for the RNA, and analyzed 
via gel electrophoresis. 
ELISA based detection of Wb-TPH PCR products 
Several experiments were conducted in order to optimize the ELISA conditions for Wb-TPH. 
Optimized conditions for TPH included coating the plate with 100 µL of streptavidin for 4 hours 
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at 37 0C, addition of 5 µL of TPH PCR product to streptavidin coated plate, incubation at room 
temperature for 45 minutes, addition of 100 µL of 1N NaOH to denature the DNA, incubation for 
1 minute at room temperature, addition of 100ng/ml  TPH probe (table 1), incubation at 42 0C for 
30 minutes, addition of 50µL of anti-fluorescein fab fragment, incubation at 37 0C for 20 minutes 
and addition of 100 µL  BluePhos substrate. To stop the reaction 100 µL of Ap (alkaline 
phosphatase) stop solution was used.  ELISA plates were read using a plate reader at 630 nm.  The 
cutoff value was set at 0.1 and all samples above this value after subtraction of blank were 
considered positive. Following this procedure, PCR products were combined and a 2 fold dilution 
series dilution was done in order to determine the limit of detection for this assay, each sample 
was run in duplicate and the experiment was repeated 2 more times. A parallel gel electrophoresis 
was done at each time.  An ELISA was also done using the PCR products of the 10 series dilution 
of template RNA to determine and compare the limit of detection of the assay and Conventional 
RT-PCR. 
ELISA based detection of Wb-Cut-1.2 PCR products 
Several experiments were conducted in order to optimize the ELISA conditions for Wb-CUT-1.2. 
Optimized conditions for Wb-cut-1.2 included coating the plate with 100 µL of streptavidin for 4 
hours at 37 0C, addition of 5 µL of CUT  PCR product to streptavidin coated plate, incubation at 
room temperature for 1 hour, addition of 100 µL of 1N NaOH to denature the DNA, incubation 
for 1 minute at room temperature, addition of  200ng/ml CUT probe (table 1), incubation at 37 0C 
for 45 minutes, addition of 50µL of anti-fluorescein fab fragment, incubation at 37 0C for 30 
minutes and addition of 100 µL  BluePhos substrate. To stop the reaction 100 µL of Ap stop 
solution was used.  ELISA plates were read using a plate reader at 630 nm.  The cutoff value was 
set at 0.1 and all samples above this value after subtraction of blank were considered positive. 
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Following this procedure, PCR products were combined and a 2 fold dilution series dilution was 
done in order to determine the limit of detection for this assay, each sample was run in duplicate 
and the experiment was repeated 2 more times. A parallel gel electrophoresis was done at each 
time.  An ELISA was also done using the PCR products of the 10 series dilution of template RNA 
to determine and compare the limit of detection of the assay and Conventional RT-PCR. 
 
 
 
 
Figure 3: Schematic diagram showing ELISA principle being used in this study. Where B is the biotinylated non coding primer, F is the conjugated 
fluorescein probe and Anti-F is anti-fluorescein conjugated with alkaline phosphatase (AP). The substrate used for this assay was Bluephos
17 
 
 
 
 
 
 
CHAPTER 3 
RESULTS 
 
Objective 1: Preparation and Purification of Positive RNA control 
 
Figure 4: Schematic representation of the process in preparation of RNA. 
Upon completion of step 1 (figure 5) a 123bp Wb-Cut-1.2 and a 153bp Wb-TPH size band was 
observed after gel electrophoresis (figure 6). After successfully identifying plasmids that 
contained gene inserts (figure 7), M13 amplification to linearize cDNA produced an 
approximately 323bp Wb-Cut-1.2 and a 353bp Wb-TPH product. I proceeded to synthesize and 
purify RNA, with purified products having a concentration of 1028 ng/µL for Wb-Cut-1.2 and 
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600 ng/µL for Wb-TPH. The limit of detection for the positive RNA controls using real time 
reverse transcriptase PCR for Wb-Cut-1.2 was 5.5 pg and 2.7pg for Wb-TPH. 
 
 
Figure 5. Amplification of Wuchereria bancrofti L3 DNA. Gel showing 153bp Wb-TPH band and 123 bp Wb-Cut-1.2 band. 
 
 
Figure 6. Cloning of Wb-Cut-1.2 and Wb-TPH. Gel showing an approximately 4kb plasmid containing Wb-Cut-1.2 and Wb-TPH 
gene inserts. 
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Figure 7. RNA Synthesis and Purification gel. RNA gel picture showing steps followed during the synthesis and purification of Wb-
Cut-1.2 RNA. S1= synthesized RNA, S4= Product after phenol/chloroform purification, S12= product after resuspension of RNA 
pellet with RNase free water, S16= final product after DNase treatment. 
 
 
Objective 2: Development of a RT-PCR ELISA 
The limit of detection by ELISA for Wb-Cut-1.2 in the 2 fold dilution series of PCR product was 
1:128, whilst that by gel analysis was 1:8, showing a 16-fold difference in the limit of detection 
between ELISA and gel analysis. The results of the 10 fold dilution series of template RNA showed 
a limit of detection of 10-8 corresponding to a 1.03 fg starting RNA concentration for both ELISA 
and gel analysis.  With Wb-TPH experiments done on the 2-fold dilution of PCR product showed 
an ELISA detection limit of 1:256 and a gel analysis detection limit of 1:16, also giving a 16-fold 
improvement in the limit of detection in the assay when the ELISA was compared to the gel. The 
results of the 10-fold dilution series of template RNA showed a limit of detection of 10-7 
corresponding to a 5.3 fg starting concentration for both ELISA and gel analysis. 
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Table 2: Comparison of ELISA and Gel Electrophoresis limit of detection. 
Gene Identifier Experiment Mean ELISA 
OD (Range) 
ELISA Limit of 
Detection 
Gel analysis 
Limit of 
Detection 
Wb-Cut-1.2 2 series dilution 
of PCR product 
0.300(0.936-
0.013) 
1:128 1:8 
Wb-Cut-1.2 10 series dilution 
of RNA template 
0.204(0.7-
0.00004) 
10-8 (1.03 fg) 10-8 (1.03 fg) 
Wb-TPH 2 series dilution 
of PCR product 
0.422(1.101-
0.00872) 
1:256 1:16 
Wb-TPH 10 series dilution 
of RNA template 
0.240(1.120-
0.00832) 
10-7 (5.3 fg) 10-7 (5.3 fg) 
 
 
Figure 8. Wb-Cut-1.2, 2 series dilution ELISA (right) and gel electrophoresis (left) results.  ELISA experiments were run in 
duplicate: row C and F 3 to 11= undiluted to 1:256, row D and G 3 to 9 =1:512 to 1:32768. 
 
 
Figure 9. Wb-Cut-1.2, 10 series dilution ELISA (right) and gel electrophoresis (left) results. ELISA experiments were run in 
duplicate: row C and F 3 to 11=undilute to 10-8, row D and G 3 to 10 = 10 -9 to Wb-Cut-1.2 negative PCR product 
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Figure 10. Wb-TPH, 2 series dilution ELISA (right) and gel electrophoresis (left) results. ELISA experiments were run in duplicate: 
row C and F 3 to 11= undilute to 1:256, row D and G 3 to 9= 1:512 to 32768 
 
 
Figure 11. Wb-TPH, 10 series dilution ELISA (right) and gel electrophoresis (left) results. ELISA experiments were run in 
duplicate: row Cand F 3 to 11: undilute to 10-8, row D and G 3 to 10= 10-9 to Wb-Cut-1.2 negative PCR product. 
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CHAPTER 4 
DISCUSSION 
 
Molecular methods to detect Wuchereria bancrofti DNA in mosquitoes have been in existence 
since 1996. However these methods have not been widely adopted due to the high cost associated 
with them and the inability of these assays to distinguish between immature and infectious stages 
in the mosquito vector(Pedersen et al., 2009). Our study was able to successfully develop a reverse 
transcriptase PCR-ELISA assay to detect both bancroftian filariasis infection and infectivity. We 
found a 16-fold difference in the limit of detection between the ELISA assay and conventional 
RT-PCR when we did a 2-fold dilution series of PCR products for both Wb-Cut-1.2 and Wb-TPH. 
This indicates that our assay was 16 times more sensitive than the use of regular agarose gel 
electrophoresis to analyze PCR products, which was the original endpoint assay reported in the 
literature (Okorie & de Souza, 2016). These results are consistent with the findings by Bockarie et 
al in which demonstrates that the use of a DNA based PCR-ELISA to detect the W. bancrofti SspI 
repeat in mosquitoes proves 10 times more sensitive when compared to the traditional gel 
electrophoresis method (Bockarie et al., 2000). When a 10-fold dilution series of the positive 
control RNA template was done, the limit of detection with ELISA and gel analysis were 
comparable. The RT-PCR ELISA takes a day to complete and up to three 96 well plates a day can 
be processed compared to the limited number of samples that can be analyzed by gel 
electrophoresis a day. A limitation observed in conducting gel analysis was the difficulty in clearly 
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observing an end-point band which lead to observation bias, thus analysis of results using this 
method may be highly subjective.   
It is anticipated that our assay will be used in the molecular xenomonitoring of Wuchereria 
bancrofti providing earlier time-point assessments of LF infection in endemic areas(Williams et 
al., 2002). A large number of mosquitoes need to be analyzed when the prevalence of LF infection 
falls below 1%. With the use of PCR, at least 1200 mosquitoes can be tested per run in pools of 
40 mosquitoes per well. This makes the field application of PCR more cost effective than 
dissection(Williams et al., 2002).  The ability to pool screen, and rapidly analyze amplicons by 
ELISA will be advantageous in the monitoring of mosquito infection and infectivity levels after 
successful completion of mass drug administration. One limitation of pool screening is that the 
positive pools do not offer any indication of how many mosquitoes are infected, however if enough 
pools are screened it may be possible to estimate infection levels accurately(Ramzy, 2002). In 
areas that were once endemic our diagnostic tool will play a pivotal role in monitoring LF 
resurgence. To put a stamp on how important molecular xenomonitoring is, scientists in a meeting 
held at Emory University in 2001 were in favor of the use of these methods in lieu of dissection 
when transmission levels had declined(Williams et al., 2002). 
The estimation of LF prevalence’s in endemic villages will provide useful information on the 
mosquito and human transmission levels during the implementation of large scale programs. This 
information will further identify and map endemic regions(Michael & Bundy, 1997). 
Xenomonitoring can help in making the decision whether to continue or stop MDA and can be 
used for assessing the success and progress of LF elimination programs(Pedersen et al., 2009). 
Additionally, it provides the advantage of not having to draw blood from human subjects, which 
in the majority of areas has to be done at night due to microfilariae nocturnal periodicity. It also 
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removes the need for ethical approvals and attrition bias. Detection of any stage Wb-TPH indicates 
the existence of a human reservoir, whilst the specific detection of L3 specific Wb-Cut-1.2 
signifies and quantifies transmission potential of LF. Studies have shown that Wuchereria 
bancrofti DNA can survive for two weeks or more in vector and non-vector species hence the need 
for an assay that can differentiate between the life stages of the parasite. Moreover, not all 
microfilariae ingested by a vector survive to become infective larvae (Okorie & de Souza, 2016). 
A study by Schmaedick et al found that the type of collection method employed affects the 
sensitivity of assays as it was imperative that mosquitoes be caught after taking a blood meal which 
was not always the case, the researchers concluded that more efficient methods needed to be 
employed in order for xenomonitoring to be adopted in American Samoa monitoring program. 
This might present a challenge in our assay being universally adopted, to overcome this mosquitoes 
can be stored in RNAlater or crushed in FTA micro cards to preserve RNA(Laney et al., 2010). 
Extraction of RNA can be achieved through the use of Gopal et al oligonucleotide magnetic bead 
capture method for pool screening Onchocerca volvulus DNA(Gopal et al., 2012). Their method 
is able to detect one infective larvae in a pool of 200 flies and the cost of this assay is about $0.02. 
Assuming that our assay will be able to detect one infective larvae in a pool of 200 mosquitoes, 
reagent cost will be $0.021 whilst the multiplex assay by Laney et al that is able to detect one 
infective larvae in a pool of 30 mosquitoes will cost $0.265.   
The use of our RT-PCR-ELISA assay will provide a highly sensitive and specific means of 
detecting amplified products. The technical ease and lack of sophisticated equipment provides an 
attractive reason for this assay to be implemented in resource poor settings. It is anticipated that 
the total reagent cost for the assay will be based in $4.33. 
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Moving forward this assay’s performance will need to be validated through the use of wild caught 
mosquitoes, with optimization of mosquito collection and RNA preservation methods. In 
conclusion, this non-invasive assay will provide much needed knowledge on the mosquito vectors 
responsible for bancroftian filariasis infection, the seasonality of infection in endemic areas, and 
overall will be able to monitor both infection and infectivity vector potential rates. 
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